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To understand better the kinetics and intracellular loca- 
tion and role of disulfide bond formation between plgA 
and its receptor during transcytosis, we have expressed 
human plgR cDNA in Madin-Darby canine kidney 
(MDCK) cells, a well-characterized, polarized epithelial 
cell line. MDCK cells expressing human plgR provide a 
valuable model for studying epithelial transcytosis of 
plgA, including disulfide bonding between receptor and 
ligand. Our results support the hypothesis that the physi- 
ologic role of disulfide bonding is to stabilize secreted 
plgA-SC complexes rather than to facilitate transcytosis. 

Materials and Methods 

Cell culture 

Wild-type MDCK cells (Type II) wen; obtained from the American Type 
Culture Collection (ATCC; RockviUe, MD), and Type n MDCK cells stably 
transacted with cDNA for rabbit plgR were provided by K. E. Mostov, 
University of California, San Francisco. (8). Cells were cultured in minimal 
essential medium (MEM) with nonessential amino acids, Carle's salts. 20 
mM HEFES. pH 12, and 1 mM L-glutajnine (LUe Technologies, Gaithers- 
burg, MD), 10% (v/v) fetal bovine strum (HyCJoae Laboratories, Inc. Lo- 
gan, UT), and 100 U/ral penicillin, 100 jag/mi streptomycin, and 25 ftg/ml 
amphotericin B (JRH Biosciences, Lenexa, KS). 

Transfection of human plgR cDNA in MDCK cells 

We previously isolated from a human mammary gland lambda gtll 
cDNA library two overlapping plgR cDNA clones (hpIgR-1 and 
hplgR-2) that together span the entire coding sequence of the humao 
plgR gene (9). Both cDNA clones were excised from the lambda gtll 
vector with EceRI and inserted into the £coRI site of pBluescript II 
(Stratagene, La Jolla, CA). All restriction endonucleases used for DNA 
cloning were from Life Technologies. From the hpIgR-1 and hplgR-2 
templates, a cDNA subclone was constructed containing the entire plgR 
coding sequence, 8 bp of S'-uatranslated sequence and 447 bp of 3'- 
untranslated sequence, as follows. To remove possible regulatory motifs 
in the 5'-unrranslated region, a fragment Spanning nucleotides (nr.) -8 to 
+ 1054 (relative to the start site of translation) was prepared by PCR 
(Perlcin-Elmer Corporation, Norwallc, CT), using hpIgR-1 cDNA as tem- 
plate. The oligodeoxynudeotide primers used in the PCR corresponded 
to nt -8 to +17 and the reverse complement of nt +1030 to + 1054 of 
human plgR cDNA. To facilitate subcloning with £coRl, the sequence 
ACGTACGAATTC was included at the 5' end of the upper primer. The 
DNA fragment was then digested with EcoRl, which cleaves just before 
the sequence AATTC of the upper primer, and Bell, which cleaves at 
position +932 of the plgR coding sequence A second DNA fragment 
was prepared from hpIgR-2 cDNA Because Belt does not cleave meth- 
ylated DNA from plasmids grown in conventional Escherichia coli 
strains, the hplgR-2 cDNA/pBluescript II plasmid was transformed into 
the dam' E. coli strain DM1 (Life Technologies) before further subclon- 
ing steps. Purified hplgR-2 plasmid DNA was digested with Bed, which 
cleaves at position +932 of the plgR coding sequence, and £eoRI, which 
cleaves at the 3' end of the hpIgR-2 insert, containing 447 bp of S'- 
uatranslated sequence beyond the coding sequence. The two DNA frag- 
ments were ligated at their Bcfl sites and inserted into the EcoRl site of 
pBluescript 11. To determine that no mutations were introduced into the 
DNA during PCR and subcloning procedures, the entire insert was se- 
quenced by the dideoxy chain-termination method (10), and its sequence 
compared with the original hpIgR-1 and hpIgR-2 cDNA clones (9). The 
entire cDNA fragment was then excised from pBluescript II with £coRI, 
and subcloned using EcoRl-Wmdni linkers into the Hindin site of pCB6 
(a gift from K. E. Mostov), an expression vector that contains the sodium 
butyrate-inducible cytomegalovirus early promoter (H), the human 
growth hormone polyadenylation site, and the nto resistance gene. 

MDCK cells were transfected with pCBo containing the human plgR 
cDNA via lipofectin (Life Technologies). Cells were grown to -50% 
confluence in 100-mm tissue culture plates. For each platt, 40 (40 jtg) 
of lipofectin and 20 ng of DNA were mixed with 1 ml serum-free me- 
dium and kept at room temperature for 10 to 15 min. Before transaction. 



cells were washed twice with Dulbeeco's PBS (10 mM NajHPO^ pH 
7.4, 150 mM Nad, 4.1 mM KO, 0.5 mM CaOj, 0.9 mM MgCU and 
once with serum-free medium. The Upofectia-DNA mixture was then 
gently added and incubated for 5 h at 37*C, after Which the medium was 
removed and replaced with serum -containing medium. The following 
day all media were replenished. Two days later, the neomycin analogue 
Geneticin (G418 sulfate; Life Technologies) was added at 0.9 mg/ml, a 
concentration that had been determined in pirJiminary experiments to kill 
> 99% of untransfected ecus. Cells were treated with Geneticin for 10 
days and cloned by limiting dilution. 

Comparisons between the sequences of human (9, 12, 13) and rabWt 
(14) plgR were made with the McgAlign program (DNASTAR Inc., 
Madison, WI). 

Expression of human plgR in transfected MDCK cells 

Geoericin-resistant clones were tested for expression of human plgR by 
measurement of SC in culture supematants. SC was quantified in culture 
supernatant* by ELISA as previously described (15> Briefly, microliter 
plates were coated with guinea pig anruerum to human SC, and incu- 
bated either with human SC diluted in culture medium, as standards, or 
with experimental samples. Bound SC was detected by incubating with 
rabbit antiserum to human SC followed by alkaline phosphatase-conju- 
gated goat Abs to rabbit IgG (Boehringer Mannheim, Indianapolis, IN) 
and Sigma 104 phosphatase substrate (Sigma Chemical Co., SL Louis, 
MO) Cells were trypsin ized and counted with a hemacytometer. Data 
were calculated as nanogram of SC/10 5 cella/24 h. To test for inducibility 
of the CMV promoter driving plgR expression, cells were treated with 1 
mM sodium butyrate for 24 h before collection of culture supematants 
and measurement of SC. 

Expression of cell-associated plgR was determined by immunofluo- 
rescence with the rabbit antiserum to human SC described above for 
ELISA. Cloned MDCK cells were plated in 8- well chamber slides (Nunc, 
Inc.. NapcrvUle, IL) and treated for 24 h with 1 mM sodium butyrate. 
Cells were rinsed with PBS and fixed in acetone for 1 min at room 
temperature. Cells were then rehydrated in PBS. washed three times for 
5 min with PBS, and incubated for 40 min with rabbit antiserum to 
human SC diluted 1:100 in PBS containing 5% fetal bovine serum. Nor- 
mal rabbit serum was added to the negative controls. Cells were washed 
as before and incubated for 30 min with FTTC-conjugated goat Abs to 
rabbit IgG (Southern Biotechnology Associates, Inc., Bi rmingham , AL). 
diluted 1:50 in PBS/5% fetal bovine serum. After toe cells were washed 
with PBS, the chambers were removed and the slides were mounted with 
Fluoromount-G (Southern Biotechnology Associates, Inc.) and viewed 
with a Leitz Orthoplan microscope with epiftuoTescence. 

Isolation of human, rat, and mouse plgA 

To compare the species specificity of plgA transcytosis by MDCK cells 
expressing human or rabbit plgR, monoclonal human, rat, and mouse 
IgAs were isolated. The human IgAs were purified from plasma of three 
patients (designated A, B, and Q with IgA multiple myeloma. Sera were 
obtained by clotting the plasma and then precipitated with ammonium 
sulfate at 50% saturation to isolate the Ig fraction. Rat IgA from ascites 
fluid induced by LO-DNP-64 hybridorna cells was provided by J.-P. 
Vaerman, Catholic University of Louvain. Brussels, Belgium (16). Rat IR22 
myeloma IgA from ascites (Zymed Uboratories, Inc., South San Francisco, 
CA) and R3-30 hybridorna IgA from tissue culture supematants (PharMin- 
gen, San Diego. CA) were purified as described below. Mouse IgA was 
isolated from ascites fluid of mice carrying MOPC-315 myeloma ceDs (17) 
(ATCC) or TEPC-15 myeloma cells (17) (provided by S. Emancipator, Case 
Western Reserve University, Cleveland, OH). Dtmers and higher polymers 
of IgA were separated from mcmcmcric IgA by gel flltrarion (18) and purity 
was confirmed by SDS-PAGE under rxrareducing cowlitions. Before gel 
filtration, ascites fluid was delipidated with Serodear reagent (CUWochetn, 
La Jolla, CA) and filtered. Purified dirneric IgA (dlgA) and plgA were la- 
beled with l23 l (Amersham Corp, Arlington Heights, IL) via lactoperoxjdase 
(19) (CaJbiocbera) to a specific activity of -5 x 10 7 cpm/>ig- 

Transcytosis of plgA 

MDCK cells expressing human plgR or rabbit plgR w«egrown to con- 
fluence on 30-mm nitrocellulose filters (Millicell-HA; Mffllpore Corp. 
Bedford, MA), insetted in 35-mro tissue culture wells. Tightness of 
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monolayers was tested by measuring transmembrane electrical resistance 
with a MiUiceU-ERS meter (Millipore). The niters were rinsed with cold 
Dulbecco's PBS without BSA. and incubated with HEPES buffer (50 
mM HEPES, pH 7.4, 118 mM NaCl, 5 mM KC1. 1.2 mM MgS0 4 , 10 
mM CaO, 8.8 mM dextrose) containing 1% (w/V) BSA, wbicb bad been 
treated at 56'C for 30 min to inactivate endogenous proteases. One mil- 
liliter of cold HEPES/BSA buffer was added co the apical chamber, and 
1.5 ml of cold HEPES/BSA buffer containing 1.5 ug of rat, mouse, or 
human lM I-labeled plgA was added to the basoUteral chamber. To allow 
binding of '"[-labeled plgA. filters were incubated on ice for 3 h. The 
filters were washed six times with cold Dulbecco's PBS containing 0-1% 
BSA, then wanned by adding 37"C HEPES buffer without BSA to the 
apical and basolateral chambers. The filter* were placed in a 37*C incu- 
bator and samples of apical culture supernatants were collected at varying 
time points. The amount of lJS Mabeled plgA transcytosed was deter- 
mined by precipitating an aliquot of apical supernatant with cold 10% 
TCA. The remainder of the apical supernatant was used, where desig- 
nated, for analysis of disulfide bonding between dIgA and SC. 

Analysis of disulfide bonding between 5C and dlgA 

Transcytosis of human, rat, and mouse m l-labeled dlgA across mono- 
layers of MDCK cells expressing human or rabbit plgR was conducted as 
described above, and apical supematants were collected after 2 h. To 
block subsequent disulfide bonding, icdoacetamide (Sigma Chemical 
Co.), in 1 M Tris. pH 8 0, was added to a final concentration of 25 mM 
as previously described (7). To determine the extent of spontaneous di- 
sulfide bond formatioo between SC and dlgA tij&t might occur to the 
apical medium after transcytosis, we collected apical supernatant! from 
control cultures that were incubated in the absence of dlgA for 2 h at 
37°C. Since plgR is transcytosed, cleaved, and SC released in the ab- 
sence as well as in the presence of plgA (20), these control supematants 
should contain approximately the same concentration of SC as supema- 
tants from plgA- treated cultures. The control supematants were incu- 
bated in vitro with ia I-Iabeled dlgA. The amounts of dlgA added to the 
control supernatants were calculated to approximate the amounts of dlgA 
typically transcytosed in a 2-h period by each respective receptor: 594 pg 
of human dlgA, 985 pg of rat dlgA, or 343 pg of mouse dlgA were added 
to 1 ml of apical supernatant containing human SC; 1484 pg of human 
dlgA, 2956 pg of rat dlgA, or 800 pg of mouse dlgA were added to 1 ml 
of apical supernatant containing rabbit SC. Control and experimental 
apical supernatants were then immuuoprecipitated with anti-SC as pre- 
viously described (7). Briefly, rabbit Abs to human SC (which cross-react 
with rabbit SC; data not shown) were bound to Protein G-Sepbarose 
beads (Pharmacia Biotechnology, Piscataway, MX) at a ratio of 40 <*1 
aotisenim/100 nl beads. Fifty microliters of the coated beads were then 
added to 800 nl of the apical supematants and rocked overnight at *'C. 
The beads were recovered by ccntrifugation. boiled with SDS-PAGE 
sample buffer, and analyzed by nonreducing SDS-PAGE with 3% stack- 
ing and 5% separating gels (21). The relative migration of l25 Mabeled 
dlgA was determined by autoradiography. The extent of disulfide bond- 
ing between SC and dlgA was determined by densitometry of the auto- 
radiograms as previously described (7), and observing a difference in hi, 
of 80,000 between dlgA eovaleotly bound to SC and free dlgA (or dlgA 
that had been noncovalently bound to SC which dissociates during 
SDS-PAGE). 

Results 

Characterization of clones stably transfected with 
human plgR cDNA 

To develop a system for studying transcytosis of plgA by 
human plgR, MDCK cells were stably transfected with the 
pCB6 plasmid vector, in which expression of human plgR 
cDNA is driven by the CMV early promoter. Two criteria 
were used to assess plgR expression in stable transfec- 
tants. Wc previously demonstrated that release of SC (the 
cleaved extracellular domain of plgR) into culture super- 
natants is proportional to total cellular production of plgR 
(9. 15). Transfectants were first screened for plgR expres- 
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FIGURE 1 . Expression of human plgR in MDCK cells stably 
transfected with the pCB6 expression vector containing hu? 
man plgR cDNA. Two independent clones (clone 4 and 
clone 17) were isolated by limiting dilution, grown to con- 
fluence, and cultured for 24 h in the presence and absence of 
1 mM sodium butyrate, which up-regulates the CMV pro- 
moter. Supernatants were collected for quantification of SC 
(the cleaved extracellular domain of plgR) by EL1SA. Data are 
expressed as mean ± SD ng SC/10 5 cells/24 h (r» = 4). 

sion by measuring SC levels in culture supernatants. Clone 
4 and clone 17 were shown to release 5 to 10 ng of SC/10 5 
cells/24 h (Fig. 1), while no SC was detected in culture 
supernatants from untransfected MDCK cells (data not 
shown). Treatment of cells with 1 mM sodium butyrate 
increased the release of SC up to 10-fold (Fig. 1), presum- 
ably due to up-regulation of the CMV promoter (11). Sec- 
ond, the expression of cell-associated plgR by transfected 
cells treated with sodium butyrate was determined by im- 
munofluorescence. Both clone 4 and clone 17 cells were 
shown to uniformly express human SC (Fig. 2). The 
greater intensity of immunofluorescence in clone 4 cells 
correlates with the increased release of SC (compare Figs. 
1 and 2). 

Human plgR expressed in MDCK cells transports 
human, rat, and mouse plgA 

The function of human plgR in transfected MDCK cells 
was tested by monitoring transcytosis of dlgA. Clone 4 
and clone 17 cells were grown to confluence on nitrocel- 
lulose filters and transcytosis of radiolabeled human (pa- 
tient A), rat (LO-DNP-64), and mouse (MOPC-315) dlgA 
was measured. Both clone 4 and clone 17 cells transported 
125 I-labeled human, rat, and mouse dlgA from the baso- 
lateral surface of the cells into the apical medium (Fig. 3). 
In four replicate experiments the rat dlgA was always the 
most efficiently transcytosed. Clone 4 cells transcytosed 
more dlgA of each species than did clone 17 cells, con- 
sistent with their higher expression of plgR. To determine 



•710 



TRANSCYTTOIS OF HUMAN SECRETORY IgA 




> 



B 







FIGURE 2. Uniform expression of human plgR bv cloned, transfected MDCK cells. Cells were grown to confluence, treated 
for 24 h with sodium butyrate. and assaved for cell-associated plgR expression by immunofluorescence. Clone 4 cells are 
shown in A. C. and £ and clone 1 7 ceils are shown in B and 0. Cells were fixed with acetone and incubated wi* . rabbit 
antiserum to human SC iX 8, and P. or normal rabbit serum !C and D). followed by FITC-Conjugated goat Abs to rabbit IgG. 
Clone 4 ! A) and clone 17(3) cells uniform.lv excised plgR. although the intensity of staining was greater for clone 4 cells. 
M h.ghor magnification of clone 4 cells !£V one can better appreciate the subcellular localization of plgR. Greatest staining is 
observed in the perinuclear region, presumably reflecting newlv synthesized plgR in the secretory pathway. Magn.fication, 
XI 44 [A-O) and X239 <E). 



directly whether there is a correlation between the expres- 
sion of plgR and the amount of dlgA tracscytosed, clone 
4 cells were treated as described above in the presence and 
absence of sodium buryrate for 24 h. Cells rreated with 
sodium butyrate transcytosed twice as much rat dlgA to 
the apical surface as did untreated cells (data not shown). 



Clone 4 cells treated with sodium butyrate were therefore 
used for all subsequent experiments. 

To test for species specificity of transcytosis, the extent 
of transport of human, rat, and mouse plgA by MDCK 
cells expressing either human or rabbit plgR was deter- 
mined (Table I). All IgAs were transported by both human 
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Table I. Transcytosis of human, rat, and moose plgA by human 
and rabbit plgR 

TrjnjCyfcxif (pg/4. h)» 



f flat 





0 1 2 

HOURS 

FIGURE 3. Human plgR mediates transcytosis of human, 
rat, and mouse dlgA in transfected MDCK cells. Clone 4, 
clone 1 7, and untransfected MDCK cells were grown to con- 
fluence on nitrocellulose filters and treated for 24 h with so- 
dium butyrate to up-regulate plgR expression. 1 "l-labeled 
human, rat, or mouse dlgA was allowed to bind to the baso- 
lateral surface of the ceils for 3 h at 0°C. Cultures were then 
incubated at 37°C to allow transport of dtgA, and apical cul- 
ture supematants were col lected at varying time points. Trans- 
cytosed '"l-labeled dlgA was detected by TCA-precipitable 
'"I. Data are expressed as mean ± 5D pg dlgA transported 
in = 4). (O) Clone 4 cells; (□) clone 17 cells; (V) untrans- 
fected MDCK cells. 



and rabbit plgR, and as previously observed, the rat 
IgAs were the most efficiently transcytosed by both hu- 
man and rabbit plgR (compare Fig. 3 and Table I). In 
addition to interspecies variability, IgAs from within 
the same species varied in their efficiency of transcyto- 
sis. Some of this variability in transcytosis may be 
attributed to the relative amounts of dimers vs higher 
polymers of IgA, a characteristic that varied consider- 
ably among sources of IgA within each species (Table 
I). Despite this variability in extent of transcytosis, clear 
differences were observed berween human and rabbit 
plgR with regard to disulfide bonding to plgA (see 
below). 



Source of plgR 



Source Of lgA fc 


Human 


Rabbit 


None 1 


Human* 








A (dimers) 


207 


1916 


14 


B (dimers) 


149 


1607 


16 


C (polymers) 


2739 


74S 


127 


Rat 








IR22 (polymers) 


5497 


3168 


106 


LO-DNP-64 (dimers) 


2308 


5335 


138 


R3-30 (polymers) 


5214 


2638 


530 


Mouse 








TEPC-15 (dimers) 


1088 


187 


13 


MOPC-315 (dimers) 


80 


276 


16 



' Transcytosis of '"l-labeled plgA by filter-grown MOCK cells wa» deter- 
mined at described in Materials and Methods- Values represent the average of 
duplicate filters. Those data are representative oi four transcytosis experiments. 

k IgAs from three species were purified, and plgA was separated from mo- 
nomeric IgA by gel filtration. Depending on the composition of each individual 
IgA, the purified fraction was composed mainly of IgA dimers or a mixture of 
dimers and higher polymers, as indicated. Purified IgA was labeled with ll5 l to 
a specific activity of 3,2 ± 1.6 x 1 r/cpmrVg (mean ± SD for all eight purified 
IgA preparations). 

' Untransfected MOCK cells. 

' Human plgA was isolated from the seta of three patients (designated A. B, 
and C) with IgA multiple myeloma. 



Human, but not rabbit, plgR forms disulfide bonds 
with dlgA from three species 

To examine whether disulfide bond formation occurs be- 
rween plgR and dlgA during transport, apical supematants 
were collected from MDCK cells expressing human or 
rabbit plgR following transport of 12S I-labcled human, rat, 
and mouse dlgA The extent of disulfide bonding between 
dlgA and SC was determined by observing a m.w. shift in 
transported l25 I-labeled dlgA (Fig. 4). Human dlgA has an 
apparent M t of 340,000 on nonreducing SDS-PAGE; when 
SC (M r 80,000) is covalently bonded to human dlgA there is 
a shift in its apparent Af r to 420,000. In contrast, rat and 
mouse dlgA have an apparent M r of 240,000 on nonreducing 
SDS-PAGE, because the Ig light chains are not covalently 
bonded to the heavy chains and thus dissociate in the pres- 
ence of SDS (22). When rat and mouse dlgA are disulfide 
bonded to SC, their apparent M t shifts to 320,000 (7). 

Although all three species of dlgA were transcytosed by 
both human and rabbit plgR, only human plgR became 
disulfide bonded to dlgA (Fig. 4). Disulfide bonding was 
not 100% efficient, similar to observations with rat dlgA 
transcytosed by rat hepatocy tes (7). The extent of disulfide 
bonding in vitro in the control samples (Fig. 4, human 
plgR, lane b) was much lower than in cell-assembled se- 
cretory IgA (Fig. 4, human plgR, lane c), regardless of the 
source of dlgA indicating that the formation of disulfide 
bonds between dlgA and plgR is primarily a cell-associ- 
ated event. No correlation was seen between disulfide 
bond formation and the amount of dlgA transcytosed 
(compare Table I and Fig. 4), suggesting that disulfide 
bonding does not facilitate transcytosis. 
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FIGURE 4. Human, but not rabbit, plgft forms disulfide 
bonds with dlgA from three species. MDCK cells expressing 
human plgR (clone 4) or rabbit ptgR were grown to conflu- 
ence on nitrocellulose filters and treated for 24 h with sodium 
butyrate to up-regulate plgR expression. Transcytosis of ,25 l- 
labeled human (patient A), rat (LO-DNP-64), or mouse 
(MOPC-315) dlgA (purified dimers) was performed as de- 
scribed in the legend for Figure 3. After 2 h, apical culture 
supernatants were collected and incubated with 25 mM io- 
doacetamide to prevent any further disulfide bonding in 
vitro. After immunoprecipitation with Abs to SC, the samples 
were analyzed by nonreducing SD5-PAGE and autoradiog- 
raphy, [lane a) Starting material ('"(-labeled dlgA). {lane b) 
Control apical supernatants (containing human or rabbit SC) 
incubated in vitro with ' 25 l-labeled dlgA. (lane c) Apical su- 
pernatants containing transcytosed ,2S Mabeled dlgA-SC 
complexes. Slower migrating bands, representing covalently 
bonded dlgA-5C complexes, are observed only in superna- 
tants from cells expressing human plgR. 



Discussion 

Secretory IgA has a crucial role in host defense at mucosal 
sites. Extensive studies have examined the transport of 
plgA from its site of synthesis by plasma cells in the lam- 
ina propria across the epithelial lining into the mucosal 
secretions. After the initial noncovalent interaction of 
plgA with plgR at the basolateral surface of the epithelial 
cells, the receptor-ligand complex is endocytosed. During 
its passage to the apical surface and before release of se- 
cretory IgA into the external seo-etions, plgA becomes 
covalently associated with plgR. In rat liver, disulfide 
bond formation between dlgA and plgR appears to occur 
late in the transcytotic pathway, and does not facilitate 
transcytosis (7). 

Here we have developed a system, using MDCK cells 
transfected with human plgR cDNA, to study covalent as- 



sembly and transcytosis of secretory IgA- Wc have shown 
that human plgR, like rabbit plgR, can transport human, 
rat, and mouse plgAs. However, disulfide bond formation 
with these three kinds of plgA was observed for human 
but not rabbit plgR. Furthermore, the extent of disulfide 
bonding between human plgR and rat dlgA was similar to 
the extent of disulfide bonding between rat plgR and rat 
plgA occurring in rat liver in vivo (7). Therefore, the 
transfected MDCK cells provide a good system to study 
disulfide bonding, and human plgR appears to be compa- 
rable to rat plgR with regard to its ability to form disulfide 
bonds to plgA 

To determine whether there was a correlation between 
disulfide bonding to plgR and transcytosis of IgA, we 
compared the extent of disulfide bonding of representative 
human (patient A), rat (LO-DNP-64), and mouse (MOPC- 
315) dlgAs (Fig. 4) with the extent of transcytosis of the 
same dlgAs (Table I). Although rabbit plgR did not 
disulfide bond with any of these IgAs, the efficiency of txans- 
cytosis was as great or greater with rabbit plgR than with 
human plgR (Table 0- These results are consistent with the 
hypothesis that disulfide bonding does not facilitate transcy- 
tosis, but may play an important physiologic role in stabiliz- 
ing plgA-SC complexes that have been secreted (1, 7, 23). 

The first Ig-like domain of rabbit (24, 25) and human 
(26-28) plgR mediates its initial noncovalent association 
with plgA. A 23-amino acid sequence within domain 1, 
which is highly conserved across species, is necessary for 
plgA binding (reviewed in Ref. 4). Disulfide bonding with 
plgA however, occurs at a highly conserved cysteine res- 
idue in domain 5 of plgR (5, 6). To examine whether dif- 
ferences in the structure of plgR may account for species 
differences in noncovalent vs covalent bonding to plgA, 
we compared homologies in domains 1 and 5 of human 
and rabbit plgR. The sequence similarity between human 
and rabbit plgR within domain 1 is 59%, and increases to 
83% within the 23-amino acid noncovalent "pig-binding 
site." Noncovalent binding of human, rat, and mouse plgA 
might therefore be expected to be similar for human and 
rabbit plgR. In contrast, sequence similarity between hu- 
man and rabbit plgR is only 40% within domain 5, which 
mediates covalent binding to plgA Although the critical 
cysteine residue in domain 5 is conserved between human 
and rabbit plgR, it is possible that differences in the overall 
structure of this domain may result in differences in align- 
ment with human, rat, and mouse plgA thus permitting 
disulfide bonding with human plgR while preventing di- 
sulfide bonding with rabbit plgR. 

While no disulfide bonding with rabbit plgR was seen 
with human, rat, and mouse plgA, MDCK cells expressing 
rabbit plgR can form disulfide bonds with a chimeric plgA 
molecule in which the constant regions of the a heavy 
chains are derived from rabbit IgA (29). Therefore, the 
absence of disulfide bonding between human, rat, and 
mouse plgA and rabbit plgR in our experiments most 
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likely results from a structural misalignment between do- 
main 5 of rabbit plgR and the a heavy chains of plgA, 
rather than from a functional deficiency of the transfected 
MDCK cells or an inherent inability of rabbit plgR to form 
disulfide bonds with plgA. This hypothesis is consistent 
with the observation that the f subclass of rabbit IgA is cc- 
valemly bound to SC in natural rabbit secretory IgA (30). 
Taken together, our results suggest that conservation of the 
noncovalent pig-binding site may account for similarities in 
transcyto5is mediated by human and rabbit plgR, and show 
that efficient transcytosis of plgA is correlated better with 
noncovalent than covalent binding to plgR- 

Several plgAs from three species were used to deter- 
mine specificity of transcytosis by human and rabbit plgR. 
We showed that even though plgAs from all three species 
were transported by both human and rabbit plgR, rat plgA 
was most efficiently transcytosed. In addition, significant 
variation in transcytosis efficiency was observed between 
plgAs from the same species (Table I). Depending on the 
choice of plgA within the same species, one would expect 
some structural differences due to variations in post-trans- 
lational modifications (e.g. glycosylation, ratio of dimers 
to higher polymers) of each plgA (31). Comparative stud- 
ies of the transport of plgA from blood to bile have shown 
that the mechanisms of secretory immunity can vary 
among different mammals. For example, while rats and 
rabbits transported human and rat plgA from blood to bile 
with similar kinetics, guinea pigs and sheep could not 
transport any class of human or rat Ig but could transport 
their own plgA (32). These results along with our data 
emphasize that generalizations from one species to another 
should not be made without supporting evidence. 

In conclusion, the system we have established should be 
valuable for dissecting the intracellular processing and 
functions of human plgR in transcytosis of plgA. More- 
over, understanding the noncovalent as well as the cova- 
lent interactions of plgA and plgR could be important for 
optimally engineering Ag-specific secretory IgAs capable 
of being used therapeutically to combat infection. Recent 
experiments have shown that administration of IgA mAbs 
that lacked secretory component provided protection of 
only short duration, probably due to degradation of IgA by 
mucosal proteases (33). It may therefore be important for 
passive immunotherapy with IgA to provide covalently 
linked plgA-SC complexes. 
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